Preliminary efforts to cultivate a strain of Nei8seria catarrhalis in a chemically defined medium indicated that the medium described by Frantz (1942) did not support the growth of this organism, whereas it had been used successfully for this purpose with the meningococcus. If casein, hydrolyzed by acid ("casein hydrolyzate"), was substituted for glutamic acid in the Frantz medium, however, good growth of the strain of Neisseria catarrhalis resulted.2
pounds pressure for 10 minutes or by filtration through a Selas 02 candle. Magnesium sulfate was made up as a 6 per cent solution, which was sterilized by autoclaving and added aseptically in the proportion of 1 per cent by volume.
The Frantz medium was prepared similarly to the basal medium, except that the casein hydrolyzate was replaced by 1.3 g of purified L-glutamlc acid hydrochloride plus 5.0 g of glucose. The constituents of the two chemically defined amino acid media used are recorded in table 1. These media, as well as the Frantz medium, were sterilized by filtration through a Selas 02 candle.
Cystine (Merck) was purified by dissolving it in the minimal quantity of 3 N HC1 and reprecipitating it by pouring the solution into an excess of water. This process was repeated twice. Glutamic acid (Eastman) was converted to the hydrochloride, which was recrystallized three times from 6 N HC1. All other amino acids used were Merck products. Difco and Smaco "vitamin-free" casein hydrolyzates were used. All other chemicals were Baker's cp analyzed grade.
Analytical methods. Ammonia nitrogen was determined on trichloracetic acid filtrates of the cultures by the Parnas method.
Carbonyl compounds (referred to as "keto-acid") were converted to the hydrazone with 2,4 dinitrophenylhydrazine and compared to a standard solution of lithium pyruvate according to the procedure of Sealock (1941) .
pH was measured with a glass electrode.
Reducing substances (referred to as "glucose") were determined on Somogyi filtrates of the cultures by the method of Schales and Schales (1945) .
Measurement of growth. Aliquots of the cultures were centrifuged at 2,000 X g for 30 minutes in Hopkins' vaccine tubes and the volume of the sedimented cells was recorded.
Experimental procedures. The inocula were prepared in one of two ways:
(1) For the growth experiments with casein hydrolyzate media the organism was transferred by needle from blood agar to a 125-ml Erlenmeyer flask, which contained 25 ml of the respective medium (without glucose), and incubated at 37 C for 24 hours. At that time 0.2 ml of this culture (i.e., approximately one microliter of packed wet cells) was used as the inoculum for 50 ml of medium.
(2) In experiments with the amino acid media, nos. 1 and 2 (table 1), and in the metabolic studies, 24-hour cultures on blood agar slants or Roux bottles were washed off aseptically with physiological saline. The cells were collected by centrifugation; they were washed a total of three times with saline and finally resuspended in the salt solution. This suspension was used as the inoculum. For the metabolic studies with washed cells the final inoculum was between 100 and 200 times more concentrated than for the growth experiments.
The media used in growth studies were dispensed in Erlenmeyer flasks in the following manners: (1) 50 to 75 ml of the basic culture medium per 500-ml flask, and (2) 10 ml of amino acid medium per 50-ml flask. Duplicate or triplicate flasks of a particular medium were inoculated in as uniform a manner as possible and incubated at 37 C. At least two uninoculated flasks served as controls.
Samples for the specified analyses were removed from all flasks at the indicated time intervals. Culture flasks containing 50 ml of medium or more were sampled repeatedly, whereas all other flasks were used only once.
The culture samples were checked for purity by gram staining and also by subculturing on blood agar.
In the metabolic experiments, the experimental flask contained 100 ml of medium per 1,000-ml Erleunmeyer flask. Seventy-five ml of the respective medium were dispensed in a 500-ml Erlenmeyer flask. * Values are averages of duplicate cultures.
In order to test the "purity" of the commerciaRly available casein hydrolyzates, a comparison was made with media composed of mixtures of "chemically pure" amino acids. Data collected from an experiment comparing the growth of Neisseria catarrhalis in three different media are represented in figure 1. From these observations it may be concluded that the casein hydrolyzate did not provide any detectable growth factors that were absent in the "chemically pure" amino acid media. Once more it was found that the growth response of the organism was proportional to the total amount of L-amino acid isomers present (i.e., their concentrations per liter of medium were: amino acid medium no. 1, 3.0 g; amino acid medium no. 2, 5.57 g; casein hydrolyzate, 5.0 g).
Finally, we attempted to grow the culture in media containing the amino acids of each chemical group in the proportions found in medium no. 2. The following groups were tested: (a) glycine, alanine, valine, leucine, and isoleucine; (b) serine and threonine; (c) phenylalanine, tyrosine, and tryptophan; (d) cystine and methionine; (e) aspartic and glutamic acid; (f) lysine, arginine, and histidine; and (g) proline and hydroxyproline. In media containing groups (a) through (g) singly, no growth with our strain was detectable. Combinations of the amino acids in groups (a + b), (a + b + c), (a + b + c + d), etc., also were not effective. The culture grew only when all the groups were combined to make the amino acid medium no. 2. From these findings it was concluded that the complete amino acid mixture (table 1) was needed for the multiplication of this organism. Its exact amino acid requirements, however, were not established since possible antagonisms between the members of each amino acid group were not elucidated.
Amino acid metabolism of Neisseria catarrhalis. During the growth of the organism the utilization of the amino acid medium no. 2 was followed by measur- ing the pH and by analyzing the trichloracetic acid filtrate of the culture for ammonia nitrogen. In figure 2 the results of one such experiment are presented. It can be seen that with active cellular division an increasing alkalinity paralleled an increase of ammonia nitrogen.
Since shallow layers of all media were used, it seemed that oxidative deamination of the amino acids had occurred, and an attempt was made, therefore, to correlate the production of ammonia nitrogen with that of "keto-acid." Table 3 records the data obtained from a washed-cell experiment with Neisseria catarrhalis metabolizing the basic culture medium. The "keto-acid" accumulated was indeed only a fraction of the volatile alkali. For this reason we attempted to trap the carbonyl compounds by the addition of 0.05 per cent of dinitrophenylhydrazine to the experimental system. The hydrazine inhibited the metabolism of the culture within 8 hours to one-half its rate, and within 24 hours the cells were completely poisoned and no "keto-acid" accumulated in a large enough quantity for its identification.
One of the striking differences between amino acid media no. The observations of the duplicate study were identical for all three analyses within the first seven hours; between the fourteenth and twenty-fourth hour recordings of the "keto-acid" analyses checked, but the ammonia nitrogen reached only 0.09 mg per ml, whereas the carbonyl compounds increased 2.5-fold between 30 and 48 hours.
In order to obtain some data on the complete oxidation of DL-glutamic acid, two Eldredge tube experiments were set up. The results of one of these are recorded in table 5. Under the experimental conditions, 5 molecules of carbon Experimental system: 25 ml of medium per Eldredge tube; for each time interval duplicate tubes were analyzed and the increase was calculated by the difference from the control flasks. The tubes were incubated at 37 C in a stationary position. * Values were recorded as averages of duplicate analyses.
dioxide were produced for each 2 molecules of ammonia, indicating that the products of deamination were rapidly oxidized by Neisseria catarrhalis. The timing of these experiments and the reduced aeration do not permit any correlation with the previously mentioned metabolic studies. Similar systems were studied using DL-alanine as the substrate because of its recognized role in transamination reactions. The results were completely analogous to those obtained with DL-glutamic acid.
Stimulation of the growth of Neisseria catarrhalis by a "nonutilizable" substrate, glUcose. Repeated observations were made on the growth of Neisseria catarrhalis in the basic culture medium to which glucose had been added in a final concentra-tion of 0.5 per cent. Data obtained from such an experiment are presented in table 6, from which it is indicated that the addition of glucose to the medium stimulated the multiplication of the organism without a decrease in the amount of total reducing substances. Autoclaving of the basic culture medium resulted consistently in a smaller volume of growth than when the medium was filtered. Autoclaving of the medium containing glucose produced a still more pronounced lag period, which generally was overcome between the second and fourth day, and, finally, the growth of the culture exceeded that in the autoclaved basic medium. These observations might have been caused by a selective action of the medium on the bacterial population. However, we attempted to explain the growth-stimulatory effect of glucose on a chemical basis. We were unable to show any increased growth of the organism by substituting for glucose the following compounds: (a) pyruvate as lithium pyruvate (10 ug, 60 ,ug, and 100 pg per ml of basic culture medium), (b) cysteine (10 pg and 100 pg per ml of medium), and (c) glucose-i-phosphate as the potassium salt (5 mg per ml of medium). From these studies it seems reasonable to postulate that variants of Neisseria catarrhalis were present, some of which were unable to grow in the autoclaved medium (with or uithout glucose) yet could readily grow in both filtered media and also in the presence of pyruvate, cysteine, and glucose-l-phosphate. Some of the other variants were able to survive-or perhaps were able to adapt themselves-in the autoclaved media. Either they were stimulated by glucose itself-or its degradation products-or its combination with some component (or components) of the casein hydrolyzate medium.
In order to rule out possible growth factors contaminating the glucose medium, it was fortified with some of the B vitamins (e.g., thiamine, riboflavin, pantothenate, nicotinic acid, biotin, and a combination of folic acid and riboflavin) singly and in combination, in concentrations used in vitamin assay procedures. These media failed to increase the growth of the culture, indicating that glucose was, indeed, the stimulatory substance.
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[VOL. 59 A strain of Neisseria catarrhalis was found to have exacting amino acid requirements that could be met by varying concentrations of casein hydrolyzate or by two chemically defined amino acid media. The proportions of the amino acids present in these media differed markedly in the following respects: The amino acid medium no. 1 contained much less glutamic acid, lysine, and proline, whereas in medium no. 2 low concentrations of cystine, glycine, isoleucine, and histidine were found. Amino acid medium no. 1 supported the growth of the organism as well as the one containing 0.2 per cent casein hydrolyzate. A growth response similar to that obtained from 1 per cent casein hydrolyzate was produced in the amino acid medium no. 2. Groups of the amino acids present in the latter medium were tested singly and in various combinations; under the experimental conditions none of these groups were able to support the growth of the culture. From these observations one might classify this strain of Neisseria catarrhalis in the first nutritional group of the Neisseria according to Nemes and Pelezar (1948) .
Glucose, which was not detectably utilized by the organism, exerted a beneficial influence on the growth-promoting property of the medium, especially if the entire medium was autoclaved. It is indeed debatable what role gluocse or its degradation products, or their complexes formed during autoclaving in a neutral environment, play in the growth and accompanying amino acid metabolism of this strain of Neisseria catarrhalis.
In both growth and washed-cell experiments a rise in pH was noted, which was shown to be due to the liberation of ammonia presumably by the deamination of the amino acids. It is unlikely that it was due to the production of amines, since in general the optimum pH ranges of decarboxylases are found in an acid environment (Gale and Epps, 1942) . Molland (1947) , while studying various fermentation reactions of Neisseria catarrhalis, recorded pH increases up to 8.7, which is higher than our observations.
In conclusion, we have reported the following findings regarding the metabolism of a strain of Neisseria catarrhalis:
(1) Frantz medium (1942) did not support growth.
(2) Good growth resulted when casein hydrolyzate, or a chemically defined amino acid mixture (e.g., medium no. 2), was substituted for the glutamic acid in the Frantz medium.
(3) The addition of glucose increased growth apparently without being utilized. (4) The amino acid media were metabolized, resulting in a rise of pH, an increase in ammonia nitrogen, and the formation of so-called "keto-acid."
(5) DL-glutamic acid and DL-alanine were metabolized aerobically by washed cells with an accompanying liberation of ammonia, carbon dioxide, and "ketoacid."
